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The little boy, in a striped yellow and blue t-shirt
Big freckles, the size of low-mass stars
His coffee face and cream freckles smiled big big big
His green eyes fluttered open
“He is awake!”
         Awake awake he was
Thick curly lashes highlighted with blonde streaks
Everything about him was shining in colors
None of you
         And none of I
                     have ever seen or could ever imagine
 
Every organism on this heap of blessed rock
Looked to the atmosphere
To see the alien angel awaken from the bed of quasars
Beginning to jet out magnificent
         ecstatic, infrared plasma
                     like dust in a ray of sunlight
 
The little boy stretched his arms up
Brushed the star particle dust from his eyes
Tussled his ringlet curls
The colors, they radiated spilled and coiled
         Like lightning each twist illuminated
                     With a color
                     A light
                     A photon
                     A new flavor
                                 I could taste the color of his hair
Soft caramel candy curls melting in the pocket of a past summer time
This little boy was infinite and alive
He was space and time
 
Shimmering and awakening the entire solar system
He was a profound deepening
         Trickling silence that bathed the entire universe in warm honey
 
Please slow.
Please listen.
 
As this thousand color boy hailing from the Hydrogen Heavens
Little overalls hung 100 Msun (solar masses) heavy on his shoulders
                     Intergalactic overalls
His short messy nails had specks of dirt under them
                     Space dirt
                                 Space soil
                                             Space mess
 

Little Boy, Universe
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Every cream freckle in it held a world
Every world touched and included in his never-ending
         never-ending
         never----ending game of pretend
An infinite galactic ink droplet bled into the universe
         from                               down
                     neither         nor
                                     up
 
Space and time.
Forever changed with the immersion of little freckle ink droplets
In thousands of colors we’ve never seen nor could imagine
And time like thick, concentrated ink
Filled our impoverished, tainted eyes
All of time was let out of the little boy’s mouth

 
And this was when the whole Earth took a breath in and couldn’t let it out
 
Time became a terrestrial breeze-
For it we could see just as easy as
         left               and              right
We saw all of time in space and in ourselves and in the boy
The infinite boy
         The infinite time
                     The infinite
 
We saw everything -
Every past, every present, every future instance

The bed of planetary nebulaes and protogalxies, we could see everything they were and everything 
they would come to be. Every mistake and every success your little girl in your arms would ever make 
and every love she’d ever experience and her death was something you gazed upon so intently now.

 
         Lovers looked at each other and could not move.          
 
Every breathing soul – newborn
This was the rebirth of our human race
This was the reclamation of soul of the stellar corpse clinging to cosmic revival
 
 My mother cried for the first time since she got out of rehab twelve years ago. My little sister wept the happiest 
purest tears in all the world and couldn’t stop dancing around and she had no idea why she felt so much.
 
Everyone held their breath as this space boy rose from his bed of clustering galaxies he had been once en-
sconced. Galactic wind blew against his face like a rushing sea breeze bending and sending those celestial curls 
afloat and the little boy smiled closing his eyes against it and smiling slightly. All this time in the darkness…
 
The galactic morning shed its shimmers on the universe.

Nicolette Nodine

in a gigantic yawn    ?#$^&%!*

^%>@*^$#@

         ~?{#%*!^%#!

Art by Shivam Dave
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50,000 years ago, we lived a pretty simple life. A typical 
day consisted of weaving baskets, pulling a thorn out of a 
tiger’s paw, and pooping in a bush–not at all glamorous. 
Everyone lived in tribes, but an ancestral tension always kept 
humans and Neanderthals from jibing. I heard stories of war 
over petty things–how humans and Neanderthals would die 
of eminence. I never understood killing in the name of pride. 
Coexistence became possible when my father was head of 
the tribe. With a wariness of this violent history, he replaced 
bloodshed with peace.

Our “meet cute” was unlike any other. My focus was 
intent on the tapering edge of a spear I was making when–
plop–a dead rabbit was bestowed at my feet. I glanced at 
the sky, bewildered to witness the sky raining rabbits when, 
instead, I locked into his penetrating gaze. The eye’s owner 
had a prominent brow ridge, frazzled hair, and a stocky 
build. I knew right away he was a Neanderthal. I knew right 
away my father would not approve. But before I could say 
anything, he broke the eye contact and strayed away. He left 
the rabbit there. I didn’t know why.

I didn’t plan to share this strange encounter with Father. 
I knew how he would react. As we were eating the rabbit, 
Father would not shut up about where I got it. He knew I 

couldn’t hunt, obviously, because I’m a woman. Hesitant to 
be honest, I explained to him that a nice Neanderthal gave 
it to me as a gift. He pulled me aside to whisper-yell at me. 
Uh-oh. Father ‘explained’ because the Neanderthal gave me 
something, he would expect me to give him something in 
return. Father called it “putting out” or something. I thought 
the Neanderthal was just being nice and had an extra rabbit, 
but Father insisted I was being naive. “Neanderthals are 
pigs,” he said. I had a sunken feeling in my tummy that made 
it hard to sleep. Either I was feeling shame or I undercooked 
the rabbit. Regardless, I knew I should not have accepted 
that stupid rabbit.

Many moons had passed until I saw the Neanderthal 
again. This time I was alone in the forest picking berries 
and I heard rustling in the bush. Usually this rustling was 
a tiger ready to pounce or the creepy guy in my tribe, Tom. 
Neither was good. On my tippy-toes, I crept towards the 
bush grasping my spear until my knuckles turned white. I 
was ready to stab until those familiar eyes greeted me once 
again. I retreated my spear and let a wave of warmth caress 
me. He stretched his hand out toward me with such grace 
and fragility. Exhilarated yet discombobulated, he made me 
tingle in strange places I have never tingled before. Who 
is this beautiful stranger? He launched towards me tongue 
first. I intercepted with my teeth because that’s what I had 
practiced with peeping Tom once before. I didn’t think the 
Neanderthal liked it because he squealed and retracted from 

To Love a Neanderthal
Every Neanderthal is dead. That is the end of this story.

Story by 
Caitlin Celic.
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my face. After his tongue stopped bleeding, he spoke for the 
first time. “Zog,” is all he ever said.   

It turned out Zog thought my tongue clamp was 
rather sexy. Our secret spot in the forest became a routine 
rendezvous. I couldn’t get enough. But Father grew skeptical 
of my ridiculous excuses to frolic in the forest–especially 
since I always brought a blanket and an extra pair of 
underwear. This particular afternoon, I went “searching for 
a pet ewok.”  I was riding on top of Zog facing the opposite 
direction in a position we deemed reverse bisongirl. We 
called it this because it kind of looked like I was trying to 
ride a bison backwards. Nomenclature aside, screams of 
pleasure transformed into screams of horror when I made 
eye contact with Father. At this instantaneous moment 
in time, I was both literally and figuratively fucked. Zog 
realized what was going on and slid from underneath me 
and ran for his dear life. I have never seen someone with 
such short legs run so fast. 

My father picked me up and grabbed me by the wrist. 
Maybe if he had given me this much attention as a child, I 
wouldn’t need to be humping some caveman in the forest. 
He didn’t say a word as he dragged me all the way home. 
The whole tribe witnessed my aqwalk of shame. I felt so 
embarrassed. Not just because everyone now knew of my 
forbidden love affair, but now they knew I had lopsided 
nipples. I was the talk of the tribe and pretty sure my father 
would have murdered me had it not been my turn to cook 

dinner that night. 
I couldn’t leave his side because Father grounded me. By 

grounded, I mean I was forced to be by his side scanning the 
ground for rocks so he didn’t tear his precious seal-skinned 
slippers. It was an unnecessary task. Worst of all, I hadn’t 
seen Zog in weeks. My body was craving his. Then again, my 
body was craving everything. I started getting fat too–as if 
my weird nipples weren’t enough for the females of my tribe 
to make fun of. As I was throwing up one morning I realized 
I was pregnant. Father was going to freak out because I was 
16 & pregnant. Maybe he would have been happy for me if 
I was carrying Tom’s child. Alas, he knew it wasn’t because 
he had the misfortune of witnessing the conception. I 
understood Father’s dismay–but I thought genocide was a 
bit of an overreaction. I mean, did he have to murder the 
father of my child and the rest of his species? I suppose that’s 
the unforgiving nature of mankind. 

This love affair was not uncommon during the 
coexistence of humans and Neanderthals. Scientists from 
all over the world are discovering ancient bones of humans 
like mine and use fancy lab techniques like carbon-isotope 
analysis that gives insight and historical context of the human 
expansion into Eurasia. The remnants of these love stories 
linger in the genes of humans today. 1-3% of Neanderthal 
genes are present in some modern day humans. Technology 
has revealed my secret love affair. And to think that all I got 
was a hybrid baby and a lousy t-shirt.

Comic by 
Danielle Pedroso.
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The human being, the only known 
organism to produce science magazines 
about itself, grows from two cells — the 
egg and the sperm. These imperceptible 
cells, shrouded in mystery to the naked 
eye, are the blueprints that determine 
your eye color, shoe size and even your 
mustache growth rate. The merging of 
the egg and sperm and their subsequent 
development into a person involves in-
tricate and organized processes, called 
mitosis and meiosis, which occur in your 
body throughout your life. These pro-
cesses are vital to your existence because 
certain variations in mitosis and meiosis 
can result in a completely different ver-

sion of you. Such potentially 
troublesome mistakes are not 
as common because cells have 
developed means to prevent 
them. Needhi Bhalla, Ph.D, an 
assistant professor of molecular, 
cell and developmental biology 
at UC Santa Cruz, studies the 
mechanisms of how a cell aims 
— and sometimes fails — to pre-
vent mistakes during division, 
particularly in meiosis.

Upon fertilization, mito-
sis transforms a single-celled 
zygote into an embryo, then a 
fetus and ultimately a newborn 
baby. Mitosis occurs when a 
cell’s genetic material, or DNA, 
replicates and divides into two 
identical cells. Meiosis works 
similarly, except now the cell 
divides twice, resulting in four 
reproductive cells, each con-
taining half the genetic materi-
al of the original cell. A human 

non-reproductive cell contains 46 frag-
ments of coiled DNA and protein, called 
chromosomes. After meiosis, the cell 
contains 23 chromosomes.

 Nondisjunction happens when ei-
ther or both homologous chromosomes 
and sister chromatids do not separate 
during cell division. You can think of 
it as chromosomal separation anxiety. 
Nondisjunction during meiosis becomes 
apparent after the development of an off-
spring when serious disorders such as 
Klinefelter’s syndrome and Down syn-
drome result.

Every year 1 in every 700 babies 
are diagnosed with Down syndrome. 

This disorder causes learning and mild 
intellectual disabilities and a delay in 
physical development. Down syndrome 
results from nondisjunction in chromo-
some 21, otherwise known as Trisomy 
21, which is the most frequent chromo-
somal abnormality. Therefore, it is im-
perative to understand how a cell aims 
to prevent such abnormalities.

More often than not, the cell rec-
ognizes nondisjunction and will kill it-
self. Cells have checkpoints that confirm 
whether the chromosomes have segregat-
ed correctly. If not, the checkpoints ac-
tivate a series of mechanisms that cause 
apoptosis — cell suicide. 

“We know that if you have an incor-
rect number of chromosomes, it is not 
good for the cell,” says Bhalla, cell and 
developmental biology. “We know there 
are mechanisms to prevent that. There are 
checkpoints that say ‘stop this’ or ‘kill this’ 
if the chromosomes are not segregating 
properly. [Having an incorrect number 
of chromosomes] in humans promotes 
cancer and birth defects … Why do most 
people not have birth defects? Why do 
most people not have cancer when they 
have all their cells?”

Bhalla’s lab studies how cells moni-
tor these cellular mechanisms in a small 
worm called C. elegans. Only about 1mm 
long, C. elegans has life span of up to 
three weeks. When they are undergoing 
meiosis, the cells in C. elegans’s germline 
are at different stages of the first phase of 
meiosis, called prophase. Therefore, we 
can observe all of the events of prophase 
at once. The chromosomes of C. elegans 
are also larger, allowing for better visual-
ization. This is why C. elegans is widely 

Needhi Bhalla is a researcher and assistant professor at UC Santa 
Cruz of Molecular and Cellular Biology. 

Photo by Alexandra Draime

MCD Biology

Maitri  Mehta  and Manisha Yedla

The cell versus nondisjunction
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and extensively used as a model system 
for humans.

“In order to understand those 
events in humans, we do experiments in 
simpler organisms like C. elegans to get 
a handle on what proteins might be in-
volved in that process,” Bhalla explains, 
“Because a lot of the proteins that are 
present in C. elegans have counterparts 
in humans, and they do the same thing 
in C. elegans as they do in humans. So 
our ability to study them in C. elegans 
could provide us with insight into what 
they are doing in humans, and how 
things are going wrong when people get 
cancer or have birth defects.”

During cell division, homologous 
chromosomes pair together at pair-
ing centers in an event called synapsis. 
Dynein, a protein, generates tension be-
tween the chromosomes and helps them 
pair up. Dynein’s function is similar to 
that of a truck carrying cargo from one 
place to another. The protein travels on 
microtubules, which are like the high-
ways on which trucks travel, delivering 
the chromosomes to the correct location 
in the cell.

A protein called pachytene check-
point-2 (PCH-2) plays a more caution-
ary role by pulling the chromosomes 

apart — a responsibility opposite to that 
of dynein. Think of PCH-2 as a paranoid 
mother who always distances her child 
from any activity, even if it presents them 
no harm. PCH-2 inhibits synapsis of any 
pairs of chromosomes, even the correct 
ones, by destabilizing the intermediate 
proteins necessary for pairing and synap-
sis. If both dynein and PCH-2 work prop-
erly, chromosomes will pair and segregate 
correctly and form normal gametes.

Bhalla’s lab uses mutated genes 
that code for different intermediates in 
the pathways leading to cell death. By 

studying the effects of these mutations, 
one can infer the function of that en-
zyme. Bhalla’s lab observed that if the 
chromosomes were unpaired or paired 
incorrectly, the cell signaled a cascade 
of reactions that lead to apoptosis. They 
have shown the mutated intermediates 
interfered with the cell’s ability to pre-
vent nondisjunction. Hence, with an 
incorrect number of chromosomes, the 
cell undergoes apoptosis.

In the future, Bhalla wants to study 
the roles of various proteins in synapsis 
checkpoints. She wants to “figure out what 

parts of the protein are 
required for the job that 
it is doing.” Bhalla also 
hopes to explore the re-
lationship between the 
proteins’ roles at differ-
ent stages of meiosis. 
Her research provides 
insight into the mech-
anisms involved in en-
suring the correct segre-
gation of chromosomes. 
Bhalla says that there is 
a risk for birth defects 
“if we know that certain 
proteins are absent or 
lowered. [This] can help 
develop diagnostics to 
evaluate whether or not 
certain treatment options 
are better than others.”

Nondisjunction can occur at different modes of meiosis, both result in an incorrect number of chromosomes in a reproductive cell.
 Art by Rebecca Hoskins

Observe the elegance of C. elegans when their chromosomes are separated during the meiotic process. The C. 
elegans celebrates this success with a book.

Art by Titash Chatterjee
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“Right now we live in a period of the 
universe that is a very quiet place,” says 
UC Santa Cruz astrophysicist Enrico 
Ramirez-Ruiz. 

But every so often, sudden bursts of 
violence ripple through the tranquility. 
When a supermassive black hole ensnares 
and rips apart a star, the star’s final flare 
is visible a galaxy away. Ramirez-Ruiz and 
his students are using powerful comput-
er simulations to 
study these violent 
events, bringing us 
closer to a future 
census of these gi-
ant black holes and 
their victims.

In its early 
ages, the universe 
was a battlefield of 
new stars forming 
and narrowly es-
caping the lure of 
black holes. Those 
that evaded the 
holes’ crushing grip 
exploded to cre-
ate even more of 
the monsters. One 
might expect that 
this minefield of black holes was utterly 
dark. But when stars wandered too close 
to black holes and were torn asunder, they 
produced brilliant flares of energy, brighter 
than the combined light of every star in our 
galaxy. Now, much of the universe is starved 
for gas. Most galaxies form fewer stars, and 
the black holes that were so bright with the 
light of dying stars lie dark and dormant. 

Yet, these black holes don’t remain 
quiet when a star swings nearby. After sci-
entists recently claimed to have observed 
a black hole tearing apart or “disrupting” 
a rare helium star in the May 10, 2012 is-
sue of Nature, Ramirez-Ruiz teamed up 
with then-UCSC undergraduate Haik Ma-
nukian, now a graduate student at UC San 
Diego, and former graduate student James 
Guillochon to puzzle out the mechan-

ics behind a black 
hole’s irresistible 
gravity. They came 
away with a nov-
el picture of how a 
black hole breaks 
apart a star. Their 
computer models 
will help astrono-
mers characterize 
the different kinds 
of black holes in our 
universe, as well as 
the kinds of stars 
that orbit them and 
fall into their grasp.

When he’s not 
simulating acts of 
astrophysical vio-
lence, Ramirez-Ruiz 

divides his time between teaching at his 
children’s school in Berkeley and working 
with UCSC undergraduates on complex 
physics problems. He runs the supercom-
puter lab for undergraduates (SLUG) at 
UCSC, which involves a closely knit group 
of students like Manukian in astrophysics 
research. A wood cut-out of its mascot, a 
banana slug, rests next to pictures of his 

children in his office. 
The researchers were skeptical that the 

black hole reported in the 2012 study had 
devoured or “disrupted” a helium star. Such 
an event, they said, would be a phenome-
non within a phenomenon. Disruption 
events occur in a galaxy just once every 
1,000 years, on average. Pure helium stars 
are also rare; most stars are composed of 
both hydrogen and helium, like our own 
Sun. So the chance that a dormant black 
hole would disrupt a purely helium star 
struck Ramirez-Ruiz as far-fetched.

“The probability of throwing a star 
close enough to a black hole to disrupt it is 
like throwing a grain of salt for two kilome-
ters and hitting the head of a needle,” says 
Ramirez-Ruiz. “It’s kind of shocking that 
happens at all.” 

These startling “tidal disruption events” 
(TDEs) occur when a star’s orbit carries it 
close enough to a black hole that the hole’s 
powerful tidal forces shear away the star’s 
outer layers of gas. Depending on the re-
spective sizes of the black hole and the star, 
the black hole can even devour the star to its 
very core. However, Ramirez-Ruiz and his 
team predicted that the TDE in the 2012 re-
port was only a partial disruption: the black 
hole shredded perhaps half of the star’s ma-
terial before the rest sailed into space.

One thing is clear: if a star gets too 
close, the black hole doesn’t let it get away 
unscathed. “The star cannot hold it to-
gether, and the gravitational field of the 
black hole completely destroys it,” says 
Ramirez-Ruiz.

The dregs of the star’s burning gas 

“ The probabi l ity 

of  throwing a  star 

c lose  enough to 

a  black hole  to  disr upt  it 

i s  l ike  throwing a  grain of 

sa lt  for  two ki lometers  and 

hitt ing the  head of  a  needle.

Astrophysics

Xochit l  Rojas-Rocha

“Dormant” supermassive black holes     
continue to devour nearby stars 
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form an accretion disk of built-up material 
trapped in orbit around the black hole, like 
bones around the lion’s den. This disk be-
comes a vortex of furious heat and blinding 
light as gas spirals into the black hole’s maw 
almost at the speed of light. Astronomers a 
galaxy away will see these “emission lines” 
of light from heated gases like hydrogen 
and helium, and can learn something about 
the type of star that was digested. In the 
2012 study, the researchers reported no hy-
drogen emission lines, prompting Ramirez-
Ruiz and his team to study the mechanics 
of TDEs.

Ramirez-Ruiz, Manukian and Guillo-
chon used computer simulations to mod-
el the complex balance between hydrody-
namics and the black hole’s self-gravity 
in TDEs. Manukian led the calculations 
and encountered a surprise: his results 
disagreed with the community’s accepted 
view of how a black hole breaks apart a 
star. Most astronomers think traces of the 
star’s gas scud away in a stream that looks 
like a fan, but the new model offers a dif-
ferent explanation. “The stream is actual-
ly quite narrow, and not as broad as you 
would expect,” says Manukian.

The team finished a series of short 
movies showing exactly what this stream 

looks like. In one of the simulations, the 
unsuspecting star swoops along until it 
hits the black hole. Its material drifts away 
in a glowing orange stream as fine and long 
as a spider’s leg. The team combined these 
clips with their calculations to introduce 
their findings to the 
astronomy commu-
nity.  “We explained 
away the anxiety,” 
says Manukian.

The team’s sim-
ulations may also ex-
plain why the disrup-
tion event in the 2012 
study showed no 
hydrogen emission 
lines. Each element 
in the star’s envelope 
emits a unique spec-
trum of light when 
it has enough ener-
gy. Hydrogen needs 
less energy to emit 
its unique spectrum 
of light than helium. 
The helium emission lines can only come 
from the parts of the disk with the greatest 
intensity of radiation, closer to the black 
hole, but hydrogen can form farther out. 

Manukian predicted that the accretion disk 
— which builds over time — simply wasn’t 
large enough to show hydrogen emission 
lines when telescopes recorded the event.

Since then, astronomers have spotted 
other disruption events that show neither 

hydrogen nor heli-
um emission lines. 
The team’s sim-
ulations suggest 
this could be the 
case when smaller 
black holes con-
sume stars. “So 
it seems that our 
predictions are 
carrying over to 
other events, which 
is exciting,” says 
Ramirez-Ruiz.

The team’s 
research builds a 
foundation for as-
tronomers’ efforts 
to chart the de-
mographics of the 

universe’s black holes: What types of black 
holes exist in the universe? What types of 
stars live around them? Does every galaxy 
host a black hole at its center? Some galaxies 

“ This disk 

becomes a 

vor tex  of 

furious  heat  and 

bl inding l ight  as  gas 

spira ls  into the  black 

hole’s  maw almost  at 

the  speed of  l ight .

As the star’s guts spiral into the black hole in a whirlpool of searing heat, 
they emit different wavelengths of light that tell our scientists which gases 
the star was made of.

Art by Danielle Pedroso
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The unlucky star’s remains arc away in a slender stream as fine and long as 
a spider’s leg.
    Art by Danielle Pedroso

have “active galactic nuclei,” supermassive 
black holes that are very bright because they 
constantly snare and eat the stars around 
them. The black hole at the center of our 
own Milky Way is as massive as three mil-
lion suns, but it’s faint compared to active 
galactic nuclei because it does not consume 
as many stars. Black holes in galaxies near 
us are likewise dormant, making them diffi-
cult to pinpoint without studying TDEs.

“We always think of black holes as these 
monsters that are eating so much mass. But 
close to us, the majority of black holes are 
completely starved of fuel. They’re basically 
on a diet,” says Ramirez-Ruiz.

Most black holes that once blazed with 
the light of digested stars are now visible 
only during TDEs. Researchers are using 
telescopes like the Panoramic Survey Tele-
scope and Rapid Response System (Pan-

STARRS) and the pending Large Synoptic 
Survey Telescope (LSST) to detect and ob-
serve these rare events.

The two telescopes will watch for the 
telltale flashes of TDEs by zeroing in on a 
section of the sky. They painstakingly re-
cord every detail and return perhaps one 
night later to scan the same section. Com-
paring the two images exposes even the 
most subtle differences. 

“If you do that over a large range of sky, 
you basically see everything that goes ‘bang’ 
in the night,” says Ramirez-Ruiz.

As telescopes catch more of these 
flares, Ramirez-Ruiz hopes to build what 
he calls a “library of predictions” of TDEs 
and their frequencies. For an individual 
TDE, he aims to decode the mass of the 
star and black hole, whether the disruption 
was partial or complete, and what types 

of stars could be vulnerable to the black 
hole’s lure. By cataloguing these events, 
Ramirez-Ruiz will establish the taxonomy 
of the universe’s black holes.

“In some ways it’s like decoding the 
DNA of a human being,” says Ramirez-
Ruiz. “So now we’re basically defining mu-
tations.” 

Those mutations, he says, could be any-
thing from deviations in the disrupted star’s 
composition to its mass. 

The universe may be a much quieter 
place now than it was billions of years ago, 
but tidal disruptions show that the ancient 
violence of the early universe can still burst 
out today. When a dormant black hole 
sends up a flare of light in the darkness, 
it marks the end of one star’s life and the 
beginning of our foray into the universe’s 
hidden recesses.
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There’s a big, wide universe out there, 
and it’s as dark and mysterious as the deep 
waters of a black lake. The depth of its nature 
is  unknown to any standing on the shore.  
It’s easy not to think about that. It’s simple 
to forget the universe’s vast, complicated 
nature, especially when we focus on our 
shore — on the small, comfortable surface of 
the Earth. But just think about it for a while.  
Think of the stars and planets and galaxies 
and superclusters and black holes, of the 
complex systems of particles and forces and 
energies that work them, of all the actions and 
processes those systems undergo — from the 
mundane and intuitive to the far-fetched, the 
absurd, the fascinating. They are the swirling, 
rushing waves of our universe, and they rush 
madly enough to warrant awe. They warrant it 
not simply because of their madness though; 
the part that inspires the most awe is that 
in the midst of all that crazy, all that mind-
boggling and torrential vastness, there sits us. 

The universe could have done anything 
really. It could have 
adopted completely 
different physical 
laws, or in keeping 
the ones we have, 
altered their results by 
adopting another set 
of initial conditions. 
It could have made 
any sort of universe, 
with any sort of 
properties, with any 
number harboring 
waves inhospitable 
to life. Yet here we 
are, and here stands 
the universe, with so 
much for us to marvel. So what gives? Did we 

just get lucky with what the universe decided 
to be? Perhaps the odds were in our favor, or 
perhaps they were not, or maybe — maybe they 
were never important to begin with. Perhaps 
our error comes in imagining our universe as 
the whole lake, when really it is a small aspect 
of it; a bubble, floating amongst the water, one 
of many within a much larger body of water. 

Allow me to clarify now, by stepping away 
from the metaphor. Our universe may be one 
of many, and each one would exist at specific, 
separate points in space within a larger inflating 
background. This is the theory of false-vacuum 
inflation,  an important field of work for 
Professor Anthony Aguirre at the University 
of California, Santa Cruz. Professor Aguirre 
walked me through the theory one afternoon in 
the middle of his lunch, one delicious looking 
cupcake. According to the theory, the inflating 
background exists as a false vacuum. That is, 
it’s a local minimum within the vacuum energy 
graph; locally, it appears to be the lowest, 
but farther along there exists a true vacuum 

of lower energy. 
Normally, that would 
be that, and anything 
within the false 
vacuum would stay 
there. Except not all 
of physics is normal. 
In fact, a lot of it is 
strange — especially 
on the quantum 
level. Without getting 
into too much detail 
about quantum 
mechanics, it will 
suffice to say that 
quantum fluctuations 
allow points in space 

to spontaneously transition from the false 

vacuum to a lower vacuum energy. These 
points begin to expand as they convert the 
energy of the false vacuum into volume. 
Basically, they expand into bubbles that float 
within the waters of the false vacuum.

Our observed universe would be just one 
of these bubbles, with properties that are of 
its own. The other bubbles would have their 
own properties, their own local cosmologies. 
Many would undoubtedly storm about in such 
a maelstrom as to prevent the formation of 
life, while others would house calm tides. We 
would exist in the latter, not by any chance, but 
because that would simply be the only place we 
could come to exist. Suddenly the hospitality of 
our universe becomes trivial. 

Of course, another question now arises 
— how could we know this is true, that we 
live in some kind of multiverse? That, as 
Professor Aguirre notes, is where things get 

AstroPhysics

C ol l in  C ouch

Swirling, swirling bubbles: a look into the 
multiverse born from false vaccuum energy

When he isn’t contemplating the vast structure of the 
multiverse, Professor Aguirre teaches various physics 
courses, including general relativity and mathematical 
methods in physics.

Courtesy of Anthony Aguirre

“ All those bubbles 
[universes] swirling 
about don’t just sit 

independent of each 
other; they rush about 
and at the right mo-
ment, they collide.
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thorny: “The basic problem is, in cosmology, 
we’re used to saying ‘I have a theory and it 
predicts the universe looks like this, and 
let’s go out and see if the universe looks like 
that or not.’” But we can’t go out and look 
at other universes, we have only our own. 
He says, “It’s like living on Venus, where it’s 
always cloudy, you can’t see into space, and 
you try to come up with a theory on planet 
formation.” There’s just no way you can test 
your theory’s predictions. Even if you came up 
with very precise predictions about planetary 
formation, or accurate predictions, you’d be 
left in the dark. So it is with universes. The 
edge of our universe is the clouds marking the 
extent of our knowledge, and there isn’t much 
to change that.

So, cosmologists must work with what 
they have. Namely, they must use only our 
one universe as reference for their theories. 
This gives way to a major problem, one 
related to the anthropic principle — that any 
observations of the universe are necessarily 
compatible with the development of the life 
that observes it. Since we live in a universe 
that gives rise to observers, all of our 
observations are preferential to the properties 
of a hospitable universe. So any theory 

cosmologists develop 
on a multiverse 
must acknowledge 

the properties of a hospitable universe, 
at least in terms of predictions. The hard 
part becomes how 
to take into account 
observers within your 
theory; how do you 
count the possibility 
of people within a 
universe? In the end, 
you have to designate 
some sort of proxy to 
measure, be it a unit of 
volume, planets, stars 
or galaxies. Only, the 
probabilities change 
based upon which 
measure you use — 
the measure problem. 
What they really have 
to develop then, is not 
just a theory, but a 
theory plus a measure 
proposal. Those two, 
together, are what 
cosmologists can test 
against the data. “Which is not as nice as if 
it was just the theory, but that’s the universe,” 
Professor Aguirre remarks.

You may still wonder, though, why any 
of it would matter if we can’t observe the other 
bubbles directly. While it may be true that we will 
never see other universes, we may still be able to 

detect them. All those bubbles 
swirling about 
don’t just sit 

independent of each other; they rush about and 
at the right moment, they collide. Now, it’s not 

that they’re flying 
about within the 
inflating background. 
They only really 
collide if two are close 
enough to each other 
and they expand into 
each other’s space. 
Still, were that to 
happen, one bubble 
would conceivably 
affect the properties 
of the other. 

Our universe 
could be one such 
bubble. Professor 
Aguirre explains 
that if our universe 
collided with 
another at some 
time in its past, then 
we may be able to 
detect perturbations 

in the initial conditions of the universe. We 
could look out to the farthest reaches of space 
and, because the light we’re looking at comes 
from the earliest moments of the universe, 
see those perturbations. They could, for 
example, manifest in the Cosmic Microwave 
Background (CMB) that surrounds our 
observable universe. The CMB is the thermal 
radiation left over from the Big Bang and is 
basically the very edge of our bubble. Now 
imagine what the intersection of two spheres 
would look like on a surface; it would look 
like a disc. In terms of the CMB, it 
would look like a disc of either hotter or colder 
temperature than the surrounding area. 

So if we really did find such a disc, and 
we could rule out alternative explanations, it 
would be plausible evidence for the existence 
of bubble universes. Unfortunately, the 

absence of any discs wouldn’t tell us 
much. “It’s pretty easy 

to come up with models [that 
predict] a small probability 

that we would see any of 
these things,” Professor 
Aguirre notes. “I 

would bet a 
$ 1 , 0 0 0 

“ [Imagining multi-
verses is] like living 
on Venus, where it’s 

always cloudy, you can’t 
see into space, and you 
try to come up with a 
theory on planet forma-
tion,” and thus are unable 
to test any predictions.

When confronted with a deep, dark lake filled with unknown cosmolog-
ical tides, the most daring endeavor is to dive within those depths and 
explore. 

Art by Gabriela Aguilar
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that we won’t see any, but that’s just because 
if we did it would be worth much 
more than a $1,000 in happiness to 
me — that’s just me hedging my 
bets.”

So Aguirre wants us to keep 
looking for collisions, and he 
wants a lot more research 
to be done. We’ve only just 
begun looking into the 
depths of the lake, and there 
are many leagues left to go. 
It’s a deep lake. Professor 
Aguirre tells me that over the 
next five years the data will get 
much better, and he is looking 
forward to what will be done 
with it. Many have already 
worked to reduce the number 
of measure possibilities to 
a relatively small number; 
Professor Aguirre hopes to 
do more work in that regard. 
He also hopes others look for 
more potential observable 
signatures that could help us 
learn more about the nature of 
inflation. Inflationary theories 
are, right now, the strongest and 
most understood, but Professor 
Aguirre hopes other ideas surface too. 
He thinks, “it shouldn’t be accepted 
just because nobody can think of another 
theory; it would be nice if it had strong 
predictions that were different from other 
theories and were confirmed.” He wants 
inflationary models to stand out, not because 
they’re the only theories, but because they take 
out their competition.

In the end, it’s still uncertain what the 
true nature of our universe is. Cosmologists 
work hard everyday to uncover it, but it is 
no easy task plunging into the depths of our 
universe’s waters. Beyond the scope of a few 
hundred meters down, the water becomes too 
murky and dark, the pressure too great, and 
our passage is impeded. Yet still we endeavor 
to plunge deeper, to uncover those secrets. In 
time we may know the waves. We may find 
them full of bubbles rushing about, or we may 
find nothing in the waves but the tumultuous 
water. No matter what we find, the lake will 
undoubtedly remain an awe-inspiring and 
marvelous rush of water, waves and tide. 

Bubbles provide an enchanting view of our universe, even if we could 
never look out at our own universe swirling through the cosmos.  

Art by Gabriela Aguilar

Art by Caitlin Celic
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1966 
Lick Observatory 
astronomers move 
to UC Santa Cruz to 
form first Organized 
Research Unit. 1967

D. Huffman, inventor of Huffman coding 
data compression method (still used today 
for MP3, JPEG files, and high-definition TV) 
and founding faculty of the Computer Science 
department, arrives from MIT.

1969
Scientists, J. Miller, J. 
Wampler and L. Robinson, 
team up with Apollo 11 
astronauts to determine an 
accurate measurement of 
the distance from the Earth 
to the moon.

1976
UC Santa Cruz professor 
and graduate student 
discover Faber-Jackson 
relation used to weigh gal-
axies and provide evidence 
of dark matter.

1981
Science communication graduate 
program is established.

1990
Prof. A. Zihlman (author of Man the Hunter) 
organizes women-only meeting amongst 
prominent anthropologists to discuss female 
biology and evolution, introducing a ‘whole-
body’ approach to the study of evolution, 
which previously relied solely on fossils.

1995
UC Santa Cruz Ph.D student G. 
Marcy and advisor S. Vogt use 
a 3-meter telescope to discover 
first extrasolar planets.

Aug. 1999
Santa Cruz Predatory Bird Research 
Group removes peregrine falcon 
from endangered species list.

Art by Odile Bouchard
50 years
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1999
California Marine Life 
Protection Act (with con-
tributions from UC Santa 
Cruz marine scientists, 
M. Carr and P. Raimondi) 
passes. State coastal net-
work of Marine Protected 
Areas is completed in 
2012.

2000
T. Williams, biology prof., leads sea otter 
rescue center team’s study of the effects of 
crude oil on birds and mammals after 1989 
Exxon Valdez oil spill in Alaska. She was 
also the first UCSC faculty ever appointed 
to the Ida Benson Lynn Endowed Chair 
and was later ranked in the top 50 women 
in science for 2012.

1985/2000
Haussler’s lab 
assembles first draft 
of human genome 
sequence and makes 
it open to the public. 
Idea originally pro-
posed by Chancellor 
Sinsheimer.

2002
Psychology prof. E. 
Aronson ranks as 
the 78th most prom-
inent psychologist of 
the 20th century.

2004
Alumna K. Sullivan is the 
first American woman to 
walk in space.

2007
Over 500 students, alumni and community mem-
bers protest against the Long Range Development 
Program in 402-day tree-sit. It ends in arrests 
and a redwood clearing to make way for the new 
Biomedical Science building.

2008
CA Institute of Re-
generative Medicine 
approves $7.2 million 
grant to fund new 
UC Santa Cruz stem 
cell research center.

2010
Prof. E. Green and 
team of scientists 
obtain first draft 
of Neanderthal 
genome sequence.

2011
UC Santa Cruz is named #1 vegan-friendly 
college in the US.

2011
Astronomer G. Illing-
worth uses Hubble Space 
Telescope to reveal the 
most distant galaxies ever 
observed.

2011
Royal Swedish Acade-
my of Sciences honors 
biology Prof. H. Noller 
for breakthrough 
studies of ribosome 
structure.

2015
Profs K. Ottemann and F. 
Yildiz elected fellows of 
the American Academy of 
Microbiology (associated 
with of largest and oldest 
life science organizations, 
the American Society of 
Microbiology) for ground-
breaking disease research.

of science
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“Exquisite taste,” I said pouring myself 
another glass of ruby red cabernet sauvi-
gnon, with my pinky extended like a radio 
antenna. Glistening in the sun, the crim-
son red reflections beam through my room 
like a disco ball from a 1970s disco-tech. 
Shrinking down in size like a character in 
a Lewis Carroll story, I dive in. Swimming 
through a whirlwind of colors, textures and 
aromas, I float to the top of the sea of wine 
towards the glass wall. As I climb the side, 
my legs* grow tired and give out as 
I reach half way up the glass wall. 
I fall down along the side due 
to my pour grasp on the glass. 
I’ve had too much to drink 
already. The wine engulfs my 
whole body and I am in the 
midst of many chemicals as 
I continue to shrink to the 
atomic level. Chemical 
structures float past me in 
the surrounding pool of 
liquid. Ethanol, water, 
tannins, anthocya-
nins, glycerol, 
and acids all 
swirl in a sym-
phony of this 
taste-bud 

orchestrated wonder.      
Next time you are grocery shopping 

for Top Ramen and cheese, I challenge you 
to peruse the wine section of the store. If 
you are familiar with this task, you will 
have an understanding of the vast variet-
ies presented amongst the shelves upon 
shelves and aisles upon aisles. UC Santa 
Cruz professor, life-time wine connoisseur 
and enthusiast, Phil Crews, explains that 
essentially 99.9% of all wine is comprised 

of the same elements (water, ethanol, 
glycerol, and acids to name a 

few). In that last 0.1%, there 
are many chemicals that 

vary the texture, flavor, 
smell, viscosity and 

overall experience 
of a wine. In this 
small percentage, 
wine chemists 
are allowed the 

freedom to exper-
iment to their hearts’ 

and tastebuds’ desires.  
Oenology, 

pronounced ē-ˈnä-lə-jē 
or “ee-NOL-o-jee”, is a 
sophisticated word for 
the art and science of 
winemaking, a process 
almost as complicat-
ed as the name itself. 
Winemaking involves 
the multifaceted su-
perpowers of sartists 
(scientific artists) who 
entwine chemistry, bi-
ology and imagination 
into 750mL bottled 
masterpieces. Wine-
making can be boiled 

down into these five steps:
1.       Grape growing and picking
2.       Smashing grapes to a pulp
3.       Fermentation
4.       Cleaning up / purifying
5.       Barrel time and bottling
Certain chemical components of the 

concoction are crucial for the underlying 
tastes and textures of the final wine prod-
uct. By understanding the chemistry of 
wine, a winemaker can tailor the product 
to his or her liking. Take, for instance, a class 
of molecules important in wine chemistry 
known as tannins. These polymers (mol-
ecules, similar to lego models, made up of 
smaller building blocks) have a variety of 
sizes, lengths and shapes that have varying 
effects in wine. The smaller polymers affect 
bitterness, while the larger polymers de-
termine how astringent or “dry” a wine is. 
Tannins are a class of defense mechanism 
compounds common among plant organ-
isms. In wine, tannins are introduced from 
the seeds and stems of the grapes, as well as 
from the wooden barrels used for storage 

of the wine. Similar to 
the refreshing, tingly 
feeling you receive after 
sipping a strong tea due 
to the tannins present, 
wine can take on a sen-
sation of dryness. This 
sensation stems from 
the interaction between 
tannins and the pro-
teins in saliva. At this 
point, the sartist must 
decide the type of grape 
and type of wooden 
barrel to account for 
this piece of the wine 
picture.

Shannon L ee

 Oenology

 Uncorking chemistry for the love of wine

*Sidenote: While swirling 
wine in a glass, “legs” refer to the 
tiers of liquid that roll down the 
walls of the glass. Glass is com-
posed of silicon and oxygen lattic-
es. Depending on the sugar content 
and chemical composition of the 
wine, the legs will fall along the 
glass at varying speeds. A common 
myth about wine is that the legs of 
a wine indicate the quality or body. 
Yet, it is simply an indication of 
the interactions between the lattice 
composition of the glass and the 
chemicals in the wine. 
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Let’s look closer into our 
wine glass and consider the 
color of a wine. All grape 

eaters can tell you 
that the inside 
of a grape (red, 
green or purple) 
is clear, which 

begs the ques-
tion as to where 
the color of wine 
comes from. Or-
ganic chemistry 

has taught many un-
fortunate students 

that molecules 
with several al-
ternating single 

and double bonds 
(conjugated systems) 

more often than not, 
result in color. The expla-
nation is in the difference 
of electron energy lev-
els within the molecule. 

The enlightening equation 
E=hν, where energy is equal to 
Planck’s constant (h) and the 

frequency of light (ν), explain this 
relationship. For wine, this means 
that the colored conjugated mol-
ecules (natural pigments) in the 

grape skins determine the color of 
the wine produced. Crews, who pre-

fers white over red wine, explains the mis-
conception of the difference between the 
two. It was previously thought that a red 
wine is defined as the presence of a natural 
pigment known as anthocyanins. Based on 
a recent wine study using mass spectrome-
try, contrary to popular belief, there is actu-
ally a small amount of anthocyanin in white 
wines, although red wines contain about 
10,000 times more.1 Anthocyanins are a 
type of plant metabolite that contains -- you 
guessed it -- a conjugated system that gives 
grapes their skin color. Since technology has 
improved over the years, this small amount 
of anthocyanin was detected for the first 
time using a high resolution spectrometer. 
From these findings, wine experts are now 
wary that the definition of red wine is no 
longer technically valid. This recent study 
has not fully taken effect in the oenology 
field yet. It is therefore unclear what wine 
experts will define as red and white wines. 

If we rewound time to when this glass 
of wine was just a bunch of grapes on a vine, 
we would see the sweet transformation take 
place. It all begins with the vine leaves con-

verting sunlight, carbon dioxide and water 
into sucrose (sugar), a phenomenon com-
monly referred to as photosynthesis. As 
the sucrose is transferred from the leaves 
to the grape, an enzyme is responsible for 
hydrolyzing (karate-chopping) the sucrose 
into the simpler sugars, such as glucose 
and fructose. As the grapes on the vine 
ripen, the fructose-to-glucose ra-
tio changes. This is important 
for the classification of wine. 
Chardonnay is classified as 
a high fructose wine, while 
Zinfandel is classified as a 
high glucose wine due to its 
relative sweetness. Tempera-
ture, weather, soil and the 
grape’s natural yeast supply all 
play a role in the outcome of 
a particular wine. Grapes are 
sensitive and affected by the 
elements, not just the chemical 
ones. It seems things are get-
ting heated surrounding all this 
wine science. 

If you deem yourself a 
sartist and wish to one day ven-
ture into the world of winemak-
ing, there is a devious chemical 
you need to be aware of. According 
to Crews, hydrogen sulfide is the 
worst pollutant you can encoun-
ter while making wine. Hydrogen 
sulfide (H2S), rotten egg gas, 
is a potent odor-producing 
chemical. During fermen-
tation it’s possible for the 
yeast to break down sul-
fur containing amino 
acids (such as cyste-
ine) in the absence of 
necessary nitrogen 
nutrients. It would be 
unpleasant to experi-
ence the putrid smell 
of rotting eggs before 
taking a sip of wine. 
Many winemakers with 
rotten luck need to immedi-
ately remove this gas to save 
their product. Even though 
there are techniques to remove 
this gas from wine, it is more ef-
ficient to prevent the formation of 
this gas by adding excess nitrogen 
nutrients during fermentation. These 
purification steps are yet another cru-
cial part of the wine pièce de résistance. 

Teasing through terminology and 
technicalities, you can easily get swept 

up in the intoxicating details of this craft. 
The outcome, however, remains the same: to 
fruitfully paint liquid masterpieces that can 
be bottled. Whether you try your hand at 
winemaking or not, appreciation of the sart 
behind the scenes can perpetuate love and 

enjoyment of wine. The next 
time you take a dip in your 

glass of wine, hopefully 
you see all the facets 
brought about by the 
molecules contained 
in the 0.1% varia-

tions. 

Art by 
Gabriela Aguilar

1. White Wine May Not Really 
Exist, 01 January 2015, New 
Scientist. Accessed March 30, 
2015. 
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              Part 1: The Impetus
We cannot let the blackness of the night 

sky and the silence of space fool us; there 
is chaos to be detected. Black hole binary 
systems collapsing, supermassive stars im-
ploding into hypernovae, pulsars flickering 
about, all emit electromagnetic radiation to 
be captured by detectors in space. 

The Large Area Telescope (LAT), the 
principal scientific instrument aboard the 
Fermi Spacecraft, is designed to detect gam-

ma rays with energies ranging from 20 MeV 
to 300 GeV. It uses an array of Silicon Strip 
Detectors (SSDs), perpendicularly aligned to 
gather information of the x & y coordinates 
of any incoming gamma, and a Cesium Io-
dide (CsI) scintillator detector as a calorim-
eter to measure the total energy deposited. 

Observing these high energy gamma 
rays provides an interesting lens on a pleth-
ora of possible sources: pulsars, supernova 
remnants and theorized dark matter annihi-

lations, to name a few.
The detector was designed as the suc-

cessor for the Energetic Gamma Ray Experi-
ment Telescope (EGRET), one of four detec-
tors comprising the Compton Gamma Ray 
Observatory (CGRO) mission. At the time, 
CGRO was the heaviest detector payload to 
be blasted into space, weighing 17,000 kg. 

EGRET was the latest in a series of de-
tectors to make up the rather slow growing 
field of space gamma-ray spectroscopy. 

Detectors

Alex Infanger

Solid State Dream: Fermi-LAT 

Art by Odile Bouchard
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Physicists were skeptical of deploying 
expensive detectors to measure gammas 
they might never find.  “Nobody thought 
there would be anything to see in the gam-
ma-ray sky,” says UCSC physics Adjunct 
Professor Bill Atwood.

 This is because most of what we see in 
the universe is by and large the making of 
something hot, blackbody radiation, and 
physicists calculated that there would have 
to be inconceivably hot objects to produce a 
sizable amount of such radiation in the gam-
ma-ray spectrum. 

Atwood says, “The only way you can 
make gamma rays is by accelerating stuff – 
electrons and protons – to extremely high 
energies and then have them crash into 
other stuff. That’s why the gamma-ray sky 
is sometimes referred to as the ‘Nonther-
mal Universe’.” Gamma rays 
require exotic particle physics 
and physicists were not sure 
there were enough such events 
to lead to interesting data. 

But within just a year of 
EGRET’s launch, it became ob-
vious that the hesitance was un-
warranted: the gamma-ray sky 
lit up like a Christmas tree.

EGRET measured a major 
gamma signature coming from 
the galactic plane, later to be 
identified as photon emissions 
coming from the black hole at 
the center of our galaxy, and 
some pulsars too. With the new 
results, the motivation to sur-

vey the gamma-ray sky with more precision 
was there: it was time to build a higher pow-
er detector – it was time to build Fermi-LAT.

 
          Part 2: Solid State Dream
In May of 1992 a meeting was arranged 

at the Stanford Linear Accelerator (SLAC) 
in Menlo Park. The new head of the EGRET 
team, Peter Michelson, was appointed to 
take charge after the original EGRET Princi-
pal Investigator, Nobel Laureate Robert Hof-
stadter, and his first assistant both died. Mi-
chelson came into the meeting with one key 
question: with fifteen years of development 
in particle physics technology since EGRET, 
could we do any better in space? 

Atwood was at this original meeting. 
When Michelson asked how Atwood would 
approach the problem, he proposed a sim-

ple but bold idea, “For a space experiment 
we use all solid state: no consumables.” At-
wood recalls, “That was one of the prob-
lems with the EGRET experiment. It used 
a triggered spark chamber.” 

Putting a pressurized gas-container on 
top of a rocket and then into space proved 
to be problematic. Solid state equipment 
would fix that. 

The solid state thought guided the 
project. Fermi was built with seventy 
square meters of SSDs, composing about 
880,000 signal channels. The Cesium Io-
dide detector does not even use a photo-
multiplier tube (PMT). 

Atwood says, “In the first design, I 
didn’t want to have any photomultiplier 
tubes. I chose Cesium Iodide for the crystal 
because I knew they produced enough light 
so that we could work with photodiodes.”  

UC Santa Cruz Adjunct Professor Hart-
mut Sadrozinski first heard of Atwood’s idea 
in a conference in Hiroshima.

“[Atwood] talked about having seven-
ty square meters of silicon detectors, and at 
first I thought ‘this man is really naive, he 
does not appreciate how difficult this is!’ but 
then we started talking about it and I joined 
in,” says Sadrozinski.

In order to focus on the high energy 
gammas, Fermi-LAT rejects signals coming 
from cosmic rays, charged particles – mostly 
atomic nuclei – that have proven to be one 
of the most pervasive backgrounds in space 
science experiments. 

There is usually no point in measuring 
these charged particle cosmic rays because 
by the time they have reached the detector, 
the magnetic fields of the earth and sun 
have bent their trajectories. It becomes 
next to impossible to know where the par-
ticles came from. Photons are chargeless, 

so they more or less come in a 
straight shot. 

LAT vetoes the cosmics 
with its Anti-Coincidence De-
tector (ACD). Only in this re-
spect was the initial solid state 
dream of Atwood not fully real-
ized, for the ACD is essentially 
a plastic scintillator detector. It 
uses PMTs. 

The area of the LAT was 
too big to cover in expensive 
SSDs to make an ACD. At-
wood recalls, “It would have 
increased the number of SSDs 
and channel numbers by a fac-
tor of two, because there’s a lot 
of surface area on the LAT. And 

A model of a LAT detector tower. These are stacked with SSDs and Tungsten foils to produce a signal when hit 
by an incident gamma ray.   
      Photo by Joseph Ou

Professor Ritz (far left) speaks at Fermilab.
    Photo courtesy of Fermilab Today
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so we had to give up on that. We said screw 
it, we’ll go with plastic and phototubes.” 

The ACD works because the plastic 
scintillator is not dense enough for high en-
ergy gamma rays to react with, but will re-
act with incoming charged particles. When 
it detects a cosmic ray, it shoots a signal to 
the main circuit board to veto the counts 
coming into the detector. 

Another feature of LAT is that it has a 
large field of vision; at any moment, it sur-
veys about 20% of the sky. “In two orbits 
we’re able to sweep the entire sky,” says 
UCSC Professor Steve Ritz, who original-
ly worked on Fermi at NASA’s Goddard 
Space Flight Center, “so that on average, 
every point of the sky is visited for about 
thirty minutes every three hours.” This is 
important for detecting transient sources 
of gamma rays. 

Under some circumstances, the LAT 
will even rotate itself using a system of 
torquing motors to look at the gamma 
source for longer. Ritz remembers the 
calculations: “A frictionless environment 
is very nice.” 

Ritz also points out that the LAT to-
gether with its companion experiment, the 
Gamma-Ray Burst Monitor (GBM), can 
read out a remarkable amount of energy. 
“If you take the ratio of the highest ener-
gy and the lowest energy photon that we’re 
sensitive to you’d get a factor of ten million. 
In other words, if the observatory were a 
piano it would cover twenty three octaves. 
So it’s pretty good.” 
By that analogy the 
human eye can only 
cover eight notes.

Finally, one of 
the most remarkable 
aspects of the LAT is 
its power efficiency, 
which was necessary 
due to the myriads 
of channels it has. 
Atwood recalls the 
work done by Profes-
sor Johnson to deal 
with the power issues 
inherent in such a big 
detector, “Each one 
of the channels has 
about the same sensi-
tivity as the FM radio 
in your car? And there’s a million of them? 
And the whole thing runs on about 160 
Watts? Thank you, Robert.” 

Part 3: Zero Degradation
As the machine skyrocketed into low 

earth orbit, scientists from all over the 
world rushed to get their hands on the 
data. Johnson’s group here at UCSC did 

quite a bit of work on 
pulsars. Johnson says, 
“We discovered a 
large number of gam-
ma-ray pulsars that 
have no detectable 
radio emissions. In 
fact, that was the first 
time that pulsars were 
discovered just from 
gamma emissions.” 

Much research 
has come and is still 
to come from Fer-
mi-LAT’s data, but in 
terms of the detector 
itself, the work is fin-
ished. The primary 
mission was sched-

uled for five years and ended in 2013. The 
goal for the mission was to run for ten 
years, which would be completed in 2018. 
So far, other than some browning of the 
calorimeter and a few dead channels, the 
degradation is essentially zero. 

 Part 4: Physics Nostalgia
For Ritz, one of the interesting parts of 

working on this project was how it grew into 
an international collaboration between sci-
entists in Japan, Italy, France, Sweden, etc. 
He says, “A very nice aspect of this work is 
how you make new collaborations happen 
from all different countries, and when this 
happens, people kind of lose their labels and 
citizenships. You’re all working together try-
ing to solve problems understanding nature. 
It gives me hope. Maybe in other areas we’ll 
figure that out as well. ” 

Atwood has a more pragmatic view of 
it, “International projects are a lot harder to 
kill than just simple cooking projects.”

Sadrozinski links both the completion 
of Fermi-LAT and the founding of the Santa 
Cruz Institute for Particle Physics (SCIPP) 
with the idea of detectors flowering new sci-
ence. He says, “The basis for a lot of research 
is instrumentation. You develop instrumen-
tation and then you open up the world to 
a new paradigm of what you can measure.  
And then you can find new things.”

For Johnson, most of the joy came in 
building the detector, “That’s why I be-
came an experimentalist instead of a theo-
rist. I like getting my hands on stuff. I like 
building stuff.” 

“Each one of the 
channels has 
about the same 

sensitivity as the FM 
radio in your car? 
And there’s a mil-
lion of them? And 
the whole thing runs 
on about 160 Watts? 
Thank you, Robert.”

Scientists tinkering with Fermi-LAT inside NASA Goddard’s clean room.
      Photo courtesy of NASA



Scientific Slug | Spring 2015 24

Studying thunderstorms might 
evoke images of meteorologists analyzing 
weather patterns, chasing storms through 
the plains of the United States, or perhaps 
even Benjamin Franklin flying a kite. 
However, the discovery of bursts of gam-
ma rays associated with thun-
derstorms less than 30 years 
ago called for more novel tech-
niques. Bursts called terrestrial 
gamma-ray flashes (TGFs), are 
studied by physics professor 
David Smith and his group, 
which includes current Ph.D 
candidate Greg Bowers.

TGF microphysics is al-
ready well understood, so the 
group is aiming to differenti-
ate between models describing 
more specific characteristics of 
the flash. Essentially, you have 
an electric field in a thunder 
cloud, and electrons accelerat-
ed in that field produce gamma 
rays. “It’s pretty basic physics 
from that regard,” Smith said. 
“Why they’re bright and so 
sudden, is something that’s still 
pretty wild.” 

To observe TGFs, Smith’s 
group built the Airborne Detec-
tor for Energetic Lightning Emis-
sions (ADELE), an instrument 
made to fly on airplanes. Unfor-
tunately, two flights of ADELE 
did not result in any TGF obser-
vations. Physicists are problem 
solvers by nature, so the group 
sought out other ways to observe 
these seemingly elusive TGFs. “I 
felt like a way to try to get more 

science was to do more with the instrument 
that we had,” Bowers said. “If there’s another 
location somewhere that has lots of lightning, 
we can just sit there.” His idea led their group 
to new detector developments and 8,000 ki-
lometers across the Pacific Ocean.

The key to selecting a location is finding 
a place where the instrument can be close 
to the charge center of the cloud — where 
the most emission is. Greg notes that “For 
whatever weird meteorological reason, Ja-
pan gets low thunderstorms in the winter.” 

On the west coast of Japan, near 
Ishikawa prefacture, there is a 
region where the charge centers 
of clouds come less than half of 
a kilometer above the ground. 
Using spare lab parts and re-
cycling equipment, their group 
built an instrument deployable 
on the ground, Gamma-ray 
Observations During Overhead 
Thunderstorms (GODOT).

Utilizing contacts from 
Smith’s former student Nicole 
Kelley, their group found out 
about an ideal location to de-
ploy GODOT. An abandoned 
elementary school in Ishika-
wa, Kodomari Elementary, 
had recently been taken over 
by weather research facilities 
instead of being left to deterio-
rate. While in Japan, their host 
would be Dr. Masashi Kamoga-
wa at Tokyo Gakugei Univer-
sity, another lightning expert. 
Kamogawa referred them to 
Dr. Atsushi Matsuki at Kanaza-
wa University who secured 
them a spot on the roof of the 
abandoned school.

There are five detectors 
on GODOT: three for science 
and two for noise. Three sci-
ence detectors may sound like 
overkill, but they are all differ-Interior of the GODOT instrument. 

Image Courtesy of Greg Bowers

Detectors

Cait l in  A.  Johnson

Chasing terrestrial gamma-ray flashes
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ent sizes and made of different materials. 
Each one consists of a scintillator and a 
PMT. The varying sizes and materials of 
the science detectors allow for a large dy-
namic counting range of the instrument. 
One of the noise detectors is a PMT, with 
no scintillator, that checks for electro-
magnetic interference. The other is a re-
sistor connected to a cable, which allows 
a check for noise in the data acquisition 
electronics. Since observing TGFs from 
the ground is rare, it is important that 
they aren’t disguised as noise. 

The instrument is ready, and the lo-
cation is set. What could go wrong? As it 
turns out, moving valuable goods such as 
scientific equipment across borders is not 
trivial. “The most difficult thing about this 
entire experience, for me, wasn’t so much 
anything that had to do with building the 
instrument or doing the calibrations, it was 
trying to figure out how to get it through 
customs,” Bowers said. The customs offi-
cials decide whether or not the instrument 
was something that could be sold, and if 
so, they would charge a tax. With an in-
strument as valuable as GODOT, that tax 
wouldn’t be feasible to pay--even though 
it would be reimbursed upon its return to 
the U.S. To get around this, they obtained a 
carnet, a document permitting temporary 
import and export. As Smith puts it, “It’s 
like a passport for goods.” 

Bowers said, “The other thing is that 
when you check something on the plane, 
they have their overage fees based on 
weight and size. If it’s over 100 pounds, 
they won’t carry it no matter how much 
you pay them. The instrument and every-
thing was 115 pounds.” Greg took out the 
sodium iodide detector, which solved the 
weight overage problem. However, the 
detector qualified as a “clubbing object” 
which are banned from being carried onto 
a plane. After being escorted out of security 
by TSA and missing his flight, a worker at 
the airline company got Greg on another 
flight and safely to Tokyo. 

After all the work to get their instru-
ment to Japan, the data look promising. 
In fact, Smith’s team is hoping to bring 
GODOT back to Japan in the near future. 
Their creativity and tenacity in the face of 
previous null results is the force that drives 
fields of research forward. 

Chief scientist Julie Robidart, a former post-doc at UCSC’s Zehr lab 
spearheaded the ESP.

Courtesy of Julie Robidart

Photo by Alexandra Draime
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Part 1: A Fortuitous Peak
Do you believe in angels? They’re 

called protons. Or at least that’s what 
they call them at Loma Linda Universi-
ty Medical Center, where proton therapy 
looks to be the next big thing in radia-
tion oncology. 

Unlike X-rays, which deposit a little bit 
of energy everywhere, protons deposit most 
of their energy at the very end of their path; 
thus the protons can sniper the tumor with-
out doing much damage to the surround-
ing healthy tissue. This remarkable effect is 
known as the Bragg Peak.

“At the end of the proton’s range it 
releases a large fraction of its energy very 
locally – that’s the Bragg Peak!” says UC 
Santa Cruz professor Hartmut Sadrozins-
ki, who is running the Santa Cruz Institute 
for Particle Physics’ (SCIPP) proton Com-
puted Tomography (pCT) project along 
with professor Robert Johnson.

In order to implement the therapy, a 

considerable cannon of 
protons lies hidden under-
neath Loma Linda. Like 
the Large Hadron Col-
lider at CERN, it is a cir-
cular beast. It accelerates 
protons by whipping them 
around and around un-
til they reach speeds near 
half of the speed of light. 
The accelerator works by 
having time-dependent 
magnetic and electric 
fields sync up properly. 
For our high energy par-
ticle physics friends, it is 
indeed a Synchrotron. 

Once they are fast 
enough, a magnetic field 
switches on and directs 
the protons towards a 
hospital room, where 
a patient lies waiting. 

T h e r e 
is no 
sound, no light, nothing 
perceptible,  but during 
every second over a mil-
lion protons rush into the 
patient’s body, hitting the 
tumor cells with perfect 
precision. Well, perfect in 
theory. 

In practice, there are 
problems.

 In order to know 
where to shoot the protons 
one must be able to map 
out where the tumor is. 
Doctors use CT scans for 
this. Until now, CT scans 
were usually done with 

X-rays, but X-ray 
scans are not ideal 
for proton therapy. 

“X-rays inter-
act with a cross-sec-
tion that depends 
strongly on the Z 
of the material – 
how big the nucleus 
is,” says Johnson, 
“If you look at an 
X-ray, the bones 
stand out strongly 
because of the calci-
um and minerals of 
the bone. Also any 
metal in the body 
really stands out. 
Protons mainly in-
teract with the elec-
tron density of the 
materials, and the 
electron density of 
a metal is not that 
much greater than 

that of water, so you don’t get such a large 
contrast between fat, muscle and bone as 
you do with X-rays.” 

This interaction difference translates to 
an uncertainty when converting X-ray im-
ages into maps useful for proton therapy. 

  “The errors come to about two to 
four percent on the proton’s range when 
you’re treating a patient, which in the case 
of lung cancer for example, can be the 
difference of irradiating the tumor and 
irradiating the entire lung,” says graduate 
student Tia Plautz.

Remembering that the whole point of 
proton therapy is to have better precision 
than X-rays, Johnson and Sadrozinski have 

Detectors

Alex Infanger

The proton manifesto: a look at pCT 

“We had been 
looking now 

into the micro-cos-
mos, at elementary 
particles, and we had 
been looking into 
the cosmos. And 
once we had devel-
oped instruments 
in those fields, we 
asked ‘what’s in be-
tween?’ And that’s 
us: people, medicine 
and biology.”

Graduate student Tia Plautz considers the problem of detector simulation. 
    Photo by Alexandra Draime
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spearheaded the project to produce CT 
scans with protons.

Part 2: A Phonecall
Sadrozinski recalls 

the thought process that 
called for pCT. He says, 
“We had been looking 
now into the micro-cos-
mos, at elementary par-
ticles, and we had been 
looking into the cosmos. 
And once we had de-
veloped instruments in 
those fields, we asked 
‘what’s in between?’ 
And that’s us: people, 
medicine and biology.” 
Some SCIPP physicists 
were ready to designate 
their detectors towards 
a more humanitarian cause. The question 
was, how?

And then there was a phone call. 
Sadrozinski says, “One day I got a 

phone call from Dr. Reinhard Schulte at 
Loma Linda University Medical Center. He 
told me, ‘We should work together.’” 

Shulte had asked Nobel Laureate 
George Sharpak at CERN for advice on 
detecting DNA destruction by protons. 
Sharpak, who developed Multiwire Pro-
portional Chambers, detectors where in-
coming particles ionize a gas, could have 
jumped in on the project. Instead, he ad-
vised Shulte to stay in California and go 
see the silicon strip detectors that were be-
ing designed in Santa Cruz. 

“I was amazed that this man who 
worked on these ionization chambers for 
so long had the vision to point Dr. Shulte 
to us at SCIPP. He won the Nobel Prize 
because he built those ionization cham-
bers and yet he still believed in the silicon 
strip detectors.”   

Once Shulte described the problem to 
Professor Sadrozinski, Sadrozinski knew 
right away that this was going to be a good 
avenue to take the detector technology 
developed for LAT. Sadrozinski says, “We 
know how to detect protons. Protons are 
duck soup!” 

The pCT scanner consists of five sec-
tions of detectors. There are two plates of 
SSDs, on each side of the patient, and a 
Cesium Iodide (CsI) scintillator detector at 
one of the ends. The SSDs are to measure at 
what angle and speed each proton goes in 
and out of the patient, and the CsI detector 
finds each proton’s energy.

 Despite the randomness of scattering 
cross-sections imposed by quantum me-
chanics, the pCT team uses computation-

al methods to find out the 
Most Likely Path (MLP) the 
proton took through the 
body. In fact, by only using 
the input and output vectors 
and ignoring the energy data 
coming in from the CsI cal-
orimeter, Plautz created an 
image of a hand. 

One of the challeng-
ing aspects of CT scanning 
technology is that it has to 
be fast. Patients do not want 
to sit around getting scanned 
for a long time.

The first generation of 
the pCT detector had a scan 
time of thirteen hours. This 

was not exactly convenient. Professor John-
son, an expert on detector electronics since 
the Fermi–LAT days, was tasked with an 
important objective – to speed things up. 

He succeeded. 
 “We measure about 1.2 million pro-

tons per second,” says Johnson. To do this, 
the amplifier and digital processor were 
made much faster. Johnson designed the 
whole application-specific integrated circuit 
(ASIC) to appropriate the detector signals. 

The processing that takes the data from 

the onboard chip to the medical computer 
is done with Field Programmable Gate Ar-
rays (FPGA). 

 “I designed the system around the FP-
GAs and then wrote lots of code to program 
them. In fact, I did all the FPGA program-
ming,” remembers Johnson, with a grin. 
“Originally I thought I had some students to 
do it, but that didn’t quite pan out [laughs].”

Part 3: The Machine
Once the designs were finished, the 

printed circuit boards had to be con-
structed. This was fronted by SCIPP tech-
nician and project specialist Forest Mar-
tinez McKinney. McKinney works with 
a remarkable apparatus, a state of the art 
wire bonder.

“This machine is set up for 25 micron 
aluminum wire. For reference, your hair is 
about 75 microns in diameter,” says McK-
inney. 

He sets up shop at a computer neigh-
boring the wire bonder. When he turns it 
on, he controls a camera to navigate his way 
around his chip inside the wire bonder at 
micrometer sensitivity. 

“This is more or less a giant sewing 
machine,” says McKinney. “The wire gets 
pushed against the surface of the chip and 
scrubs the surface and then deforms until 
the two metals start to weld together. As 
soon as it welds and the wire stops, the 

A figure of a hand graduate student Tia 
Plautz created by using the input and 
output vectors of the protons.  

            Figure courtesy of Tia Plautz1 

Professor Sadrozinski with the pCT detector. The two metal boxes hold two SSDs each and the black box con-
tains the calorimeter.
      Photo by Alexandra Draime
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bonding process is over. Then it moves on 
to the next one.” 

 The wire bonder can be programmed to 
very precisely bend the wire so that it can loop 
around different parts of the chip, if necessary. 
Mckinney programs a maze of wires to be im-
plemented along different lines.

With such a compli-
cated machine, it seems 
there is always a little left 
to chance. “Anything can 
go wrong at any time,” 
says McKinney. “Produc-
tion wire bonding is one 
of these things where its 
either incredibly bor-
ing because everything 
is working correctly, or 
incredibly frustrating be-
cause something is not 
right and you’re not get-
ting your work done. It re-
ally does just go between 
those two extremes.” 

   Part 4: Prospects
Since the detector 

became operational, it has 
travelled many times to 
Loma Linda University to 
test with the accelerator. 
After promising pre-clini-
cal tests, Johnson says that 
“the biggest challenge is to 
bring the technology into 
a clinical setting.”

In an expanding 
move, the pCT team plans 

to send the detector to a more modern facil-
ity in Warrenville, Illinois, just outside Chi-
cago. Johnson says, “They have a very new 
facility with a modern cyclotron.” 

The beam structure is better at 
Warrenville than at Loma Linda. It enables 
quicker scans by zipping protons through 

the beam line in a continuous buzz.
“At the [Loma Linda] Synchrotron, 

they accelerate the beam for a couple of 
seconds and then extract it to the detector 
for a couple of seconds. So you only get a 
beam into the detector for half the time. The 
Cyclotron in Chicago will give a continuous 
beam – non-stop,” says Johnson.

Mckinsey is preparing the pCT de-
tector to be shipped on a plane. He says, 
“When you’re transporting something 
there’s always some vibration, so we’re re-
inforcing the epoxy on the sensors.” 

Doubters of the field claim that proton 
accelerators are large and not cheap, and 
so at this stage, it would be unreasonable 
to expect one to be built in many hospitals.

“It would be huge if we could get an ac-
celerator in a room on the scale of an X-ray 
CT machine,” says Jonson. “Then you can 
imagine proton CT being more competi-
tive with X-ray. I think that is still pretty far 
away, though.”  

There has been exponential improve-
ment, however. ProTom International, for 
instance, recently received an FDA approv-
al for an accelerator that can be built from 
parts that fit through a door. 

The rapid development in accelerator 
and detector technology makes Sadroz-
inski optimistic. When asked about his 
affinity for detector physics, he retold 
a famous anecdote regarding former 
President Ronald Reagan. 

When members of the Department 
of Energy asked the president whether 
or not he would support the construc-
tion of the Superconducting Super-
collider in Texas. Reagan said, “Yes we 
should build it. Throw deep!” 

While Sadrozinski may or may not 
agree with Reagan’s political views, the 
football ethos resonated with him over 
the years. 

“You have two ways of developing 
new science. One way is ‘I have this 
problem: can you solve it?’,” says Sadro-
zinski, “The other is you ask ‘what are 
the limits of the instruments?’, ‘What 
can they really do?’ ...

And then you throw deep! ”

McKinney operates the wirebonder, “This is more or less a giant sewing machine.” 
     Photo by Joseph Ou

The electronics of the pCT detector. It was revamped to be much faster. “We mea-
sure about 1.2 million protons per second,” says Professor Johnson.  

Photo by Alexandra Draime

1. Plautz, T. E. et al. “200 MeV Proton Radiogra-
phy Studies with a Hand Phantom Using a Pro-
totype Proton CT Scanner.”  IEEE Transactions 
on Medical Imaging. 33 (4) 875-81. Jan 2014.
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We’ve seen transitions from gramo-
phones to iPod nanos, and desktop com-
puters to tablets. The world is shrinking, 
and now, so is laboratory science. UC Santa 
Cruz’s Applied Optics and Nanopore Groups 
are at the forefront of developing next-gen-
eration detectors for tiny single biomole-
cules. These gadgets can fit in the palm of 
your hand, work with the tiniest amounts of 
samples and spit out test results in a matter 
of minutes.

Electrical engineering professor and 
director of the Keck Center for Nanoscale 
Optofluidics, Holger Schmidt plays with 
light, fluids and electricity to build nano-
sized detectors for biomedical applications. 
One such device is a quarter-sized small 
wonder — the integrated optofluidic chip. 
The burgeoning field of optofluidics com-
bines the use of light (optics), with the han-
dling of sample volumes smaller than what 
traditional instruments work with (micro-
fluidics). Because of its ability to simplify 
and speed up bioparticle detection, while 
being compatible at the nanoscale, the op-
tofluidic chip has a nickname — “lab-on-a-
chip” (LOC). While a few other researchers 
around the world are developing different 
variations of LOCs as well, the integrated 
optofluidic chip is different. As a detector 
of both light and electricity, it enables the 
mystery molecule to report back not one, 
but two unique signals.

Part 1: A Tale of Two Signals
The middle of the silicon chip is em-

bedded with a barely visible channel that’s 
shaped like a Z whose angles are 90°. The flu-
id-filled channel is lined with at least two bot-

tomless metal buckets that are connected to 
each other via electrodes. This allows charge 
to traverse the fluid. Now, between the two 
buckets is another bottomless bucket that 
lies over a hole 
sized on the 
scale of 1/109 a 
meter (that is, 
a nanometer). 
This built-in 
nanopore has 
been drilled 
into the surface 
of the chip and 
serves as the 
gate allowing 
our molecules 
to enter the de-
tector. Now all 
you have to do is 
take your sample 
and mix it with a fluorescent dye designed 
to stick to the molecules you want to detect. 
Then dump this mixture into the bucket ly-
ing over the pore opening.

When a single molecule in our sample 
passes through this nanosized hula hoop, it 
somewhat blocks it. If we constantly stare at 
the real-time data plot showing the amount 
of charge flowing over time through this 
pore, we will start seeing characteristic 
drops. “Imagine something produces a cur-
rent blockage, so that means now I know 
something is in the fluidic channel,” says 
Schmidt. The bigger the molecule’s size, the 
bigger will be the drop in current. In other 
words, we have obtained an electronic sig-
nature of the molecule.

At this checkpoint,  another channel-like 

structure intersects our molecule-contain-
ing fluidic channel. You can imagine the two 
faintly visible channels forming a plus sign 
embedded in the chip. This second channel 

is called an optical 
waveguide. It’s like 
a tunnel allow-
ing light to pass 
through it and 
into the fluid-filled 
channel that it 
intersects. We 
provide the light 
waves by bringing 
a light source close 
to the edge of the 
chip and pointing 
it into this tun-

nel, as if aiming a 
torch. As soon as 
our mystery mole-

cule reaches this light-filled tunnel, the light 
hits the molecule and entices it to emit its own 
light, or in case of a tagged molecule, fluoresc-
es. This is our optical signal.

A light detector at the end of the chan-
nel catches and filters the emitted light to 
keep only the color matching the fluores-
cence dye we tagged the molecules with. 
Next, the detector will generate a plot show-
ing fluorescence over time. This time, we’re 
not looking for drops, but upward spikes or 
“blips,” as Schmidt describes them. Seeing 
fluorescence means our target molecule is 
present, and the number of spikes will cor-
relate to the number of times we detected it. 
After serving their purpose for the detector, 
the molecules finally land in the bucket at 
the other end of the channel.

Titash Chatter jee

Labs on a chip: single biomolecule detectors
Detectors

Professor Schmidt stands next to the detector apparatus 
(shown in header image) that is used to operate the chip. The 
lab is developing a miniaturized version of the apparatus. 
   Photo by Joseph Ou
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“There’s really lots of different ways that 
you can play the two signal types togeth-
er,” says Schmidt, who is interested in using 
multi-signal based or multiplex detection 
for getting a more holistic view of single 
molecules. “[The electrical signal from the] 
nanopore tells me how many particles are in-
side and the optical signal tells me what it is,” 
he points out, “So we have two single mole-
cule sensors on the same small little chip.”

The origin of Schmidt’s nanopore-inte-
grated optofluidic detectors is a testament to 
powerful collaboration and interdisciplinary 
science. “Initially I was trying to develop these 
hollow channels that guide light for a differ-
ent purpose...putting atomic wafers in there 
and look at slow light and quantum effects,” 
he says the physicist. “Then [I] chatted with 
[UCSC chemistry professor] David Deamer 
a very long time ago because I heard about 
his nanopore work.” That’s how they came 
up with the idea for “a double single molecule 
sensor for both optical and electrical analysis 
at the same time.”

Part 2: Cancer Detection
The optical detector can alone detect mu-

tation-based cancers like melanoma. This re-
quires detecting errors or mutations in DNA 
floating in the blood. “Cell free DNA…there’s 
not a lot of it, so they’re kind of hard to find,” 
clarifies Schmidt. With the chip, though, we 
can simply tag a known sequence of mutated 
DNA using fluorescent dye and look for optical 
signal. “Because we can see single molecules, 
we can look at very low concentrations of these 
cancerous DNA snippets,” he adds. That’s one 
big advantage of these micro-fluidic detectors.

Part 3: DNA Sequencing
About 25 years ago, Deamer pioneered 

research on nanoscopic pores at UCSC. 
That’s when he realized that these holes 
could help identify or decode the building 
blocks in a given string of DNA. Biomolec-
ular engineering professor Mark Akeson 
has taken this idea forward.  His Nanopore 
Group recruits pore-forming proteins that 
are naturally found embedded in our cell 
membranes, where they facilitate trans-
port of useful ions. Schmidt explains that 
this biological pore is only about 1.5 nano-
meter big, which “looks like a funnel by 
nature and is just the right size for pass-
ing single stranded DNA.” Contrast this to 
the silicon-made optofluidic chip whose 
250 nm artificial nanopore can fit bigger 
particles like viruses. In collaboration with 
the UK company Oxford Nanopore Tech-
nologies, Akeson has helped develop the 
MinION. This portable laptop-compatible 
USB device has a built-in nanopore detec-
tor. We have yet to see where this revolu-
tionary new technology will take us, but 
initial experiments have deemed the de-
vice efficient and promising.

Part 4: Single Molecule Experiments
Schmidt is also working with molecular 

biologist and resident ribosome expert, Har-
ry Noller. Together, they want to see if the 
chip can simplify the ability to conduct si-
multaneous single molecule experiments on 
thousands of ribosomes. This is crucial to-
wards understanding the cool structure and 
biophysics of this protein-making molecule.

Part 5: Virus Detection
Imagine you are in the doctor’s office. 

The doctor is trying to figure out why you’re 
feeling sick. “Normally when you have a 
blood panel or a flu test, they are testing for 
about 10 different virus types,” says Schmidt. 
Usually, your nasal swab or fluid sample 
will end up in a lab for a cell culture, anti-
body staining, or a quick DNA amplifica-
tion-based detection. Or, Schmidt remarks, 
now you can have “different optical labels for 
different types of viruses” and thus direct-
ly detect the virus particles that gave you a 
runny nose and headache. This is what gives 
single molecule detectors the potential to 
be more effective and faster than traditional 
diagnostic tests. They enable what scientists 
call “high-throughput” screening of samples. 
Schmidt believes that soon the chip will be 
able to complete all its tasks in less than an 
hour, and the optical detection itself current-
ly takes about five minutes. He describes a 
scenario —“[You] can see each molecule di-
rectly, it just goes blip blip blip and you just 
accumulate the signal...and say for an infec-
tious disease detector, you will keep doing 
this until you say — oh yeah! 1,000 counts 
per minute? You know that person is sick.”

Part 6: The  Symphony
Lab-on-a-chip diagnostics aim to “great-

ly simplify the chemistry of [traditional] 
tests,” he says. “Silicon chips are cheap and 
you don’t need as many chemicals,” thus re-
ducing chemical waste. And besides the initial 
manufacturing and chip fabrication process, 
you don’t need laboratory space or bulky 
equipment either. In the long run, Schmidt 
concludes that “something simpler like this 
chip-based readout is much easier to use, you 
don’t have to have a skilled technician to do 
it — you can do it in a doctor’s office...or put it 
in a field hospital” and in other low-resource 
settings. This gives the integrated optofluidic 
chip immense potential in the field of global 
health. There is a “lot of need for infectious 
disease detection and cancer biomarker de-
tection,” says Schmidt.

So by now you can tell how versatile labs-
on-a-chip can be. From a Santa Cruz labo-
ratory to a remote village hospital, nanopore 
and optofluidic technology is making the 
detection of diverse kinds of single molecules 
faster, easier and holistic. We are entering the 
age of advanced biodetection. 
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 This novel optofluidic chip can detect various kinds of individual biomolecules.  
    Photo by Joseph Ou
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Common Intertidal Species of Santa Cruz

Becca Hoskins and Hana Zait

Purple Sea Urchin
Strongylocentrotus Purpuratus Giant Green Anemone

Anthopleura xanthogrammica

California Spiny/ Nuttall’s Chiton
Nuttallina californica Gooseneck Barnacle

Pollicipes pollicipes

California Mussel
Mytilus californianus
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